A new method of photochemical generation of sulfonic acid is described. Nsulfonyl-arylsulfonamide which is synthesized easily from arylsulfonamide and sulfony chloride produce sulfonic acids on photoexcitation. Quantum yields of their decomposition are between 0.2 to 0.5, depending on their substituents. A typical example is N-(4-methoxyphenysulfony)-N-methyl-4-methoxyphenysulfonamide which shows quantum yield of 0.5. It is almost the same value as commonly used photo-sulfonic acid generating compounds. Photodecompositon products were characterized by HLPC and Mass spectroscopy, and photodecompositon mechanism is proposed.
Introduction
Photoacid generators are commonly used as photocatalysts in UV curable coating and in chemically amplified photoresist systems. A wide variety of photoacid generators are collected in a literature [1] . Among those photosensitive compounds, sulfonic acid generator is particularly important in a positive photoresist system. Because of its strong acidity it acts as an efficient photocatalyst in chemically amplified systems. It can be used as a positive photosensitive material, because it shows dissolution inhibition in a nonirradiated area and a dissolution promotion in an irradiated area, thus makes a positive image [2] .
Typical examples of sulfonic acid generator are disulfone [3] , amide sulfonate, oxime sulfonate, asulfonyloxyketone, f3-ketosulfone, nitrobenzyl sulfonate, 1,2-naphthoquinone-2-diadize-4-sulfonate, bis(sulfonyl)diazomethylene, sulfonylpyridone [1] , N-pheny-sulfonamide [4] , etc. Tsunoka et al. [5, 6] have reported that the polymers bearing pendant [i-ketosulfonyl groups generate sulfonic acids upon excitation and works as a positive resist. They also reported Kr2 excimer (145nm light) resist using the polymer bearing imino-sulfonate groups [7] . In spite of these extensive works in the field of the photoacid generator, little is known about the photochemistry of N-sulfonyl-arylsulfonamides. We have found for 2. Material Synthesis: Generally, N-sulfonyl-arylsulfonamides were synthesized from arylsulfonamide and sulfonyl chloride in acetonitrile using triethylamine and dimethyaminopyridine as a catalyst. A typical example is as follows. In a three neck flask, l7.lg (O.lmole) of N-methyl-benzenesulfonamide, 24.3g (O.24mole) of triethylamine, 1.2g (0.01 mole) of N,N-dimethyl amino-pyridine were dissolved in 50m1 of acetonitrile and cooled in an ice bath. 26.5g (O.l5mole) of benzenesulfonyl choride in 50ml of acetonitrile was added dropwise and stirred for 4 hours. After standing overnight, the products were poured into water and extracted by ethyl acetate. The ethyl acetate solution was evaporated in vacuum and the residue was recrystallized from ethanol. N-phenylsulfonyl-Nmethyl-phenylsulfon amide S1; White crystal. mp.112.5-114 °C (lit.mp.111-112 °C [8] ). Absorption maxima of N-sulfonylarylsulfonamides and absorbance at 254nm in THE solution are listed in Tablel.
Photoreaction:
N-Sulfonyl-arylsulfonamide (O.O6mole) was dissolved in 20ml of an aqueous THE solution (THF/H20=7/3 v/v), and irradiated at 254nm with high pressure Hg lamp (400W) in air.
Quantum yield: Potassium ferric tri-oxalate was used as an actinometer. All samples was dissolved in THE and bubbled with Ar gas for 15 min. After degassing, sample were irradiated with 275nm light. Photoproducts were analyzed by HLPC and identified by HLPC-MASS and compared with authentic samples.
MO calculation: We used the semi-empirical MOPAC package in the PM3 (RHF) approach to calculate the geometries and heat of formation of neutral molecules. To estimate the heat of formation of radicals, we used PM3-UHF method.
3. Results and Discussion 3.1 Photoreaction products and proposed mechanism of sulfonic acid generation Upon irradiation of the solution of N-(4-phenylsulfonyl)-N-methyl-phenylsulfonamide S1, the absorbance around 230nm decreased as shown in Fig.1 . The photodecomposition was attended by pH change as shown in Fig. 2 . The pH value of photoirradiated solution decreases and was lower than 2.0 after 20min irradiation. This indicates the generation of sulfonic acids.
Reaction products of S 1 were analyzed by HLPC and HLPC-MASS spectroscopy, and identified by comparing with authentic samples. As predicted, benzensulfonic acid and N-methyl-benzenesulfonamide were detected as products. To much lesser extent, however, we could detect benzenesulfonamide and biphenyl as photoproducts. Formation of biphenyl indicates that its photodecomposition occurs via radical mechanism. From MO calculation, LUMO orbital of S1 is found to have an antibonding (a* -orbital) S-N single bond. HOMO orbital is localized in benzene ring. From these facts it would be reasonable to assume that upon excitation, an electronic transition from a HOMO orbital to an antibonding LUMO orbital lead to photocleavage between S-N bond. Homolytic cleavage of S 1 gives the phenylsulfinyl and N-methyl-phenylsulfonamide radicals, which turn into benzensulfinic acid and N-methyl-phenylsulfonamide by hydrogen abstraction respectively. Benzensulfnic acid is oxidized to give benzensulf onic acid. The formation of phenylsulfonamide was an unexpected result, but it could be explained reasonably by assuming hydrogen abstraction from the initially formed N-methyl-phenylsulfonamide radical as shown in path (a) of scheme 2. Boer et al, [9] had reported dealkylation from Nalkylsulfonamide by hydrogen abstraction. In 2-propanol, N-dealkylated product is not detected. This indicates that phenylsulfonamide is formed via radical mechanism (Table. 2).
Substituents effects in photocleavage
To estimate the substituents effects of Nsulfonyl-phenylsulfonamides on photolysis, decomposition yields of a various kind of compounds and their pH change after irradiation were determined. Irradiation was performed at 254nm and decomposition yields were determined by HLPC analysis. The results obtained are shown in Table 3 . Although the decomposition yields of N-sulfonyl-phenylsulfonamides are smaller than that of disulfones, they show almost same photosensitivity as that of imide sulfonates which are commonly used as sulfonic acid photogenerator. When the compounds having almost same absorbance around irradiation wavelength (248nm) were used, the introduction of an electron donating methoxy group into benzene resulted in an increase in the photosensitivity as seen in 52 and 53. (Table  3 ) Table 2 Products ratio of photodecomposition in various solvents. On the other hand, the introduction of an electron withdrawing F atom, into the benzene ring decreases the photosensitivity as shown in the result of S5 and S6. N-Pheny substitution (S7) also decreased the photosensitivity. (Table 3 ) These results were compared quantitatively by measuring quantum yields of their photolysis. (Table 4) The introduction of 4-methoxy group into pheny ring lead to higher quantum efficiency. On the other hand, the introduction of a N-phenyl group into the sulfonamide moiety decreased quantum efficiency. These results are consistent with the qualitative experimental results described above. Quantum yields of N-sulf onyl-phenylsulfonamides were between 0.2-0.5, which is relatively high value, compared with the well known photoacid generators. However, from a practical point of view, decomposition yields in Table 3 , which show the effective utilization of absorbed photons, are more important than quantum yields. Lower decomposition yields in N-sulfonylphenylsulfonamides compared with disulfones in spite of it's higher quantum yield would be attributable to the shielding effect of incident photons by the decomposed products. In fact, upon irradiation, the absorption spectra of disulfones bleached more rapidly than S 1 in a short period.
Increased photosensitivity by electron donating substituents might be explained by decreased bond dissociation energy (BDE). We estimated the bond dissociation energy by calculating the heat of formation of N-sulfonyl-phenylsulfonamides and the heat of formation of cleaved radical products and by evaluating their energy difference [10] . BDE shown in Table 5 illustrate the results. Methoxy substitution in 52 and 53 induces lowering of BDE, which results in higher photosensitivity.
The decreased photosensitivity of fluoro-(S6) and N-phenyl-(Si4) and N-benzyl-(513) substituted derivatives could not be explained by using the same BDE calculation. Table 3 . Decomposition yields and pH change of N-Sulfonyl-phenylsulfonamides. In UHF calculation of fluoro-and N-phenylderivatives, <S2> parameter, which represents spin mixing, is higher than the expected value, 0.75. This indicates that the estimated energy of these two radicals appears to be much lower than the real value [11] . Unexpected lower BDE of fluoro-(S6) and N-phenyl-(S14) derivatives would come from these incorrect estimation. Lower quantum yield of N-benzyl-derivative is not explained clearly at present. Hydrogen atom in the N-benzyl group can be easily abstracted by photoexcited species, which might make the photocleavage reaction ineffective.
Selectivity of photocleavage
The product obtained from direct irradiation of unsymmetrical N-perfluoro-phenylsulfonyl-N-4-methoxybenzene sulfonamide (515) was Nmethyl-4-methoxy-benzenesulfonamide. The product shows that the S-N bond homolysis of the excited molecule occurs selectively at A position.
(A cleavage, Scheme 3). The product from the other possible mode of fragmentation of the excited molecule (route B, Scheme 3) was not detected. The selectivity of photocleavage could be explained by considering stability of the radicals that generate after photoexcitation. The calculated heat of formation of the radical pairs by homolytic cleavage between A or B is shown in Table 6 . This result supports that the radical pair obtained from A cleavage is more stable than that obtained from B cleavage.
Similarly, an unsymmetrical molecule (512, Table6) gives the N-methyl-methanesulfonamide and the other possible product, N-methyl-4-methoxy-benzenesulfonamide, is not detected. The selectivity of the cleavage could be explained by comparing the stability of the radical pairs which are formed either by route A or B as shown in Table 6 . Table 5 BDE (kcal/mole) of N-sulfonyl-phenylsulfonamides. Table 6 . Estimated heat of formation of a radical pair calculated by MO (PM3 UHF)
Spectral sensitivity
Most of N-sulfonyl-phenylsulfonamides absorb photons at shorter wavelength than 300nm and bond cleavage occurs on irradiation in this shorter wavelength region. Spectral sensitivity over 300nm is important from a practical point of view. Therefore, to examine the possibility of spectral sensitization, rdox potentials were measured and the results are listed in Table 7 along with the free energy change between triphenylpyrilium (TPP) which is well known as an electron accepting spectral sensitizer.
Since S1 or 52 have oxidation potential over 2.0 ev vs. SCE, an electron transfer sensitization between electron deficient sensitizer, such as pyrilium salts is impossible. However, 5i6, 5i7 have lower oxidation potential which is sufficient for electron transfer to the pyrilium sensitizer as indicated by the negative free energy value.
Quenching constants between S i6 or S i7 and the pyrilium salt were shown in Table 7 . This value is almost the same value with the reported value for cis-trans isomerization of stilbene [12] . Upon irradiation over 340nm, which excite only the pyrilium molecule, S16 generated sulfonic acids which lower pH of the solution. However, the major product was the sulfoxide, not the sulfonic acid (Scheme 4). Electron transfer between the excited pyrilium salt and S i6 might occurr mainly at the thiomethyl position, which lead to the formaton of the sulfoxide. 
